Genetic models are presented for the analysis of quantitatively inherited characters which are expressed in the triploid endosperm of plants. These models are appropriate for various populations derived from crosses between two homozygous parents where, as a consequence, in the reference population the gene frequencies are half at all segregating loci. The first model, which allows for the estimation of genotypic values, including additive, dominance and first order epistatic effects, can be used with data from the two parental lines, two reciprocal F1 populations, the F2 and the four backcross populations using the F1 as one of the parents. The model was not extended to those four other backcrosses involving the FIR populations as one of the parents. A second model is presented for the estimation of genetic variance components, including the variances of first order epistatic effects. A third model is described for the estimation of genetic variance components in nested designs which arise in pedigree breeding programs using self fertilization. Data from appropriate experiments are used to illustrate the use of the models.
INTRODUCTION
Mathematical models for the estimation of genotypic values of quantitatively inherited characters have been developed by Mather (1949) , Mather and Jinks (1971) , Kempthorne (1957) , Cockerham (1956 Cockerham ( , 1963 and others. Most of these models were developed for populations of diploid organisms. An extension of these models to poiyploid and haploid organisms was considered by Dessureaux (1963) and Mather and Jinks (1971) , but without consideration of non-allelic interactions and only for cases where segregation is not affected by linkage or double reduction. A triploid model for the analysis of the quantitative genetics of a-amylase in wheat endosperm was suggested by Gale (1976) , but his model only involves main effects. In this paper we use a scale different from that of Gale (1976) and we also include interaction components for characters expressed in triploid tissues, such as the endosperm of otherwise diploid plant individuals. We consider this to be an important extension of the theory because many of the economically valuable characters in plants express themselves in the endosperm of the seed; the model will therefore assist geneticists and plant breeders to estimate genetic parameters: both means and variances of these characters.
Throughout the paper we will make the following assumptions: (a) regular diploid and solely Mendelian inheritance, (b) no environmental correlations among relatives, (c) no linkages (d) the progenies or relatives are considered to be random members of their particular generation of self fertilization or crossing. When using models with interaction parameters included it is necessary to assume (e) that in segregating loci which affect the particular character studied, all alleles positively influencing the character are located in one of the parent inbreds, or, in other words using the terminology introduced by Mather and Jinks (1971) , all the increasing alleles for the genes are associated in one of the parents. Although this paper offers an extension to the model of Mather and Jinks (1971) , the notation of "a" for additive and "d" for dominance effects, as originally introduced by Fisher (1918) , is used. The genetic effects are scaled as in fig. 1 ., in which m is the midpoint between the two triple homozygote parents BBB and bbb, and all the other parameters are as described earlier. The midpoint should not be confused with m which is the notation for the mean of the reference population. In the absence of dominance the value of the BBB genotype would be m+3a/2, the values of BBb, Bbb and bbb would respectively be m + a/2, ma/2 and m-3a/2. We need to consider two There are eight types of backcross generations possible in the endosperm; however we shall consider only those four which involve F1 (and not FiR). Each backcross generation will have different expected values. We designate the F1 x P1 cross as BC1, the P1XF1 as BC1R, the F1xP2 as BC2 and the P2 x F1 as BC2R. For the B -b locus the endosperm of the BC1 populations will on the average consist of BBB and Bbb individuals with the following mean genotypic value:
Similarly the means of the other three backcross populations will be m+a+d1/2 for the BCIR, m-a/2+d1/2 for the BC2 and m-a+d2/2 for the BC2R.
An overall summary of the expected frequencies and population means for the B -b locus and the expected mean genotypic values summing over all the loci is found in tables 1 and 3. Table 2 The coefficients of main and interaction effects for two loci, B -b, and G -g in triploid tissues m ab ag dlb dig d2g d2g aa ad dd effects (dlb, d1g, d2b and d2g), the combined additive by additive (aa), additive by dominance (ad) and dominance by dominance (dd) interactions. These can further be grouped representing the genotypic value (G) as
where the square brackets of the interaction components mean sums of similar effects over all n (n -1)12 possible pairs of loci. We shall consider only the nine populations described before: P1, P2, F1, FiR, F2 and the four different backcross ones. The expected values for these are listed in table 3. The reader should be reminded, that the additive value is not scaled from the midpoint as in Mather and Jinks (1971) . Therefore the interaction components cannot be derived simply by multiplying the coefficients of the main effect parameters, as can be done for a diploid It is, of course, customary to first test a model without epistasis, in this case using only the first four columns of the X matrix. A significant departure from a good fit as measured by the x2 test, would lead to further test, involving one or more of the epistasis parameters of the X matrix. It should be pointed out that occasionally a good fit of the "main effects only" model can be obtained by a suitable transformation. Before continuing to the extended model, in case of a significant chisquare value it is prudent to carry out the same test on the transformed data. It should also be remembered that the [a] and [di] are sums of the signed a, and d, over all the loci, and these may differ greatly from locus to locus.
The estimation procedure is that of the standard weighted least squares as described by Mather and Jinks (1971) .
THE ANALYSIS OF VARIANCES
Since we are dealing here with a discrete distribution, the variance of the different populations can be derived from pX -( where p, refer to the relative proportion of a particular genotype in the population, and X1, in this case, to the appropriate genotypic components of those genotypes (as in table 1). We will only consider the main effect components a, and d. As an example for the BC1 generation the population will consist of BBB and Bbb endosperm with genotypic values of 3a/2 and -a/2+d2 respectively, with the mean of the population being a/2+ d2/2. Therefore the genotypic variance, V(Bcl), can be calculated as
The genotypic components of the variance for the populations BC1R, BC2, BC2R and F2 can be calculated in a similar manner.
We define A=a, D1-d, D2=d, AD1 = a,d11, AD2= ad2, and D1D2= d1d2.
Using these we can now construct the expected variance components for triploid systems as in table 4. The method of estimation is that of Hayman (1960) . originates with the parent F2, and, as a consequence, there are only two kinds of possible variances: those calculated from F3 family means and the average "within families" mean. We shall follow the notation of Mather and Jinks (1971) .
In their notation V1F3 is the among families variance and V2F3 the within families variance. There is only one possible parent-offspring covariance i.e., the covariance between F2 individuals and the family means of their own offspring, denoted by
F23
In the F4 generation it is possible to discern between two kinds of sublines, those that can be develop these variances only up to the F4 generation. The covariances can be calculated from the formula puxiy'->pix,pjyj.
where p, is the joint probability of the occurrence of X, with Y and X and Y, are (in this case) the appropriate genotypic values. These same formulae can, of course, be used to calculate variances with X1 = Y.
We shall first calculate VIF3, the variance of F3 family means which come from individual F2 plants. The expected proportion of the genotypes will be each of BBB, BBb, Bbb and bbb. The mean genotypic value of these populations is expected to be (d1+d2)/8. Therefore:
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The within family variance, V2F3 is expected to be (1/2)(VF2), thus:
The covariance between the means of F3 families and their F2 parents, W1F23, is calculated as follows: The following data come from Lance (1984) . Two homozygous lines of six-rowed barley (Hordeum vulgare L.), one with high the other with low p-glucan content were used to obtain the nine different populations. They were derived from crosses involving P1, P2 and F1 generations, as described earlier in this paper. /3-glucan is a chemical compound which occurs in the triploid endosperm tissue of the barley seed, which in turn belongs to the progeny generation of the mother plant. Replicated lots of seeds were assayed for total /3-glucan content, the means expressed as percent of dry weight and adjusted for daily variations in the assaying process, together with their variances are listed in 
